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® Diamond having multiple coatings, methods for their manufacture and use of same. 

® A diamond element having good bonding prop- 
erties and a method for fabricating the diamond 
element in which a diamond substrate is coated by 
and bonded to a first layer of chromium carbide, a 
second layer containing titanium is bonded to said 
first layer, and a third layer of tungsten, or molyb- 
denum deposited by a CVD technique utilizing metal 
halides, is bonded to said second layer. The second 
layer functions to protect the chromium carbide layer 
against attack by halide containing gas during the 
CVD deposition of the tungsten, or molybdenum. 
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The present invention relates to diamond with 
multiple coatings for improved retention in a matrix 
and methods for their manufacture. 

Diamond is widely used in sawing, drilling, 
dressing, and grinding applications. The diamond is 
typically bonded to or mechanically held in a ma- 
trix of nickel, copper, iron, cobalt, or tin, or alloys 
thereof which is connected to a tool body. The 
matrix can also comprise a resin, such as phenol 
formaldehyde. 

When the diamond is in the form of an abra- 
sive grit, it is frequently mechanically bonded in 
the matrix with the matrix surrounding the grit and 
holding it in place. While simple and practical, 
mechanical bonds are relatively weak and the grit 
can be easily lost as the surrounding matrix is 
abraded away during use. Grit retention can be 
improved by embedding the grit deeply into the 
matrix leaving little grit exposure, but this de- 
creases cutting efficiency, in a typical saw blade 
application, the average exposure of diamond grit 
is less than 20% of the total grit height. Grit loss 
can become a serious problem when the support- 
ing matrix is worn down such that over one-third of 
the grit is exposed. The average lifetime of such 
cutting tools is decreased as up to two-thirds of the 
original diamond grit are prematurely lost. 

From U.S. Patent 3,871.840. it is known that a 
tungsten coating deposited on a diamond particle 
enhances the ability of a matrix material, such as 
bronze or a bronze alloy, to adhere to the diamond 
particle and thereby to retain the particle in a tool 
during the use of the tool in abrading, cutting or 
grinding use. 

Additionally, in an attempts to improve grit re- 
tention, it has been known to coat diamond par- 
ticles with carbide forming transition metals such 
as titanium or zirconium. The coating's inner sur- 
face forms a carbide with the diamond. A second 
layer of a less oxidizable metal, such as nickel or 
copper, can then be applied to protect the inner 
layer from oxidation. 

Tensile testing of double layer coated diamond 
having an inner layer such as chromium and an 
outer layer such as nickel shows that fracturing 
occurs at the interface between the inner and outer 
metal layers. This suggests that nickel does not 
alloy or otherwise bond well with the underiying 
carbide and that double layer coated grits may not 
significantly improve overall grit retention. Bonding 
can also be weakened by oxidation of the inner 
chromium layer during the nickel coating process. 

It is also known to coat diamond particles with 
titanium, manganese, chromium, vanadium, tung- 
sten, molybdenum or niobium by metal vapor de- 
position. It has been found, however, that these 
carbide formers do not bond strongly enough to 
the diamond crystals to improve their grit retention 



for many high stress applications, or they are sus- 
ceptible to oxidation. As discussed above, the outer 
metal layers used to protect inner layers from 
oxidation do not adequately bond to the inner layer. 

5 As illustrated in commonly owned US Patent 

No. 5,024,680 the disclosure of which is hereby 
incorporated by reference, attempts have been 
made to further improve the bonding strength be- 
tween a matrix and diamond particles by first coat- 

70 ing the diamond particles with chromium and then 
depositing a coating of tungsten on the chromium 
by a chemical vapor deposition technique. A typi- 
cal CVD technique is to levitate or tumble the 
chrome coated diamond in a vapor. The vapor is 

75 typically composed of tungsten hexafluoride. It has 
been discovered however, that while favorable re- 
sults have been achieved by this process, there is 
an unfortunate tendency for the fluorine containing 
gas to react detrimentally with the chromium con- 

20 taining coating to produce chromium fluoride. 
Therefore, for CVD depositions utilizing tungsten 
hexafluoride. the strength of the layered system is 
limited by the presence of the chromium fluoride 
between the chromium carbide and the tungsten 

25 layer. 

It is therefore an object of the present Invention 
to provide an improved retention of diamond in a 
matrix. This object is solved by a diamond element 
according to independent claim 1, its use accord- 

30 ing to claim 6. an article of manufacture according 
to independent claim 7 and a method for producing 
a diamond element according to independent claim 
12. Further details and features are evident from 
the dependent claims and the description. The 

35 claims are intended to be understood as a first 
non-limiting approach of defining the invention in 
general terms. 

It has been discovered that the retention of 
diamond may be enhanced by first depositing a 

40 layer of chromium on the material to form a 
chrome carbide layer, then depositing a layer of 
titanium on to the chrome carbide layer. The 
titanium containing layer is then nitrided to form a 
layer containing titanium nitride, and finally, a layer 

45 of tungsten, or molybdenum is deposited on top of 
the titanium nitride containing layer. The intermedi- 
ate layer containing titanium nitride not only bonds 
exceptionally well to both the underiying chromium 
carbide and to the overlying tungsten, but it forms 

50 a protective barrier against attack by the halide 
(fluorine for example) containing gas on the chro- 
mium carbide during the tungsten deposition pro- 
cess. 

In accordance with the process of the present 
55 invention, diamond is coated with a first metal 
coating layer comprising chromium. The chromium 
is reacted with the diamond to produce a chro- 
mium carbide containing layer which is chemically 
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bonded to the underlying diamond. Investigations 
have revealed that coating thicknesses of at least 
.05 urn is preferable to produce desirable results. 

Following the deposition of the chromium layer 
and formation of the chromium carbide, a titanium 5 
containing layer is formed on the exterior of the 
chromium carbide. The titanium is then passivated 
against reaction with a halrde containing gas (such 
as fluorine) by nitriding the titanium. Once nitrided. 
a coating of a transition element such as tungsten io 
or molytxjenum. preferably tungsten, is placed on 
top of the titanium nitride by a chemical vapor 
deposition technique which exposes the particle to 
halide (fluorine) containing gas. 

A variety of alternatives are possible for the i5 
initial deposition of the chromium layer. A first 
alternative is coat the diamond surface on which 
the chromium is to be deposited by metal vapor 
deposition ("MVD"). In I^VD. a layer of fine chro- 
mium powder is mixed with the diamond to be 20 
coated and then heated in a furnace for an hour or 
more at elevated temperatures on the order of 600 
- 700* C and under an approximate 10"* torr ' 
vacuum. This treatment causes the chromium pow- 
der to vaporize and to redeposit on the surfaces of 25 
the diamond in an even layer over the surface of 
the diamond. During the process, agitation may be 
applied to prevent the particles from adhering to 
one another. Chromium powder particle sizes on 
the order of 325 grit size are preferred. Condition- ao 
ing the chromium powder with hydrogen chloride 
assists in the coating process. One may also per- 
form this coating process in a methane gas at- 
mosphere or other non-oxidizing atmosphere such 
as argon or hydrogen. Other deposition methods 3S 
can be used to apply the first chromium layer. 

As another alternative, one may apply the chro- 
mium coating by mixing the diamond and the chro- 
mium powder with a salt bath that contains, for 
example NaCl. CaCI2, and KCI. This combination is 4o 
then soaked at about 650°C or above for about five 
minutes to dissolve the chromium in the molten 
salt bath and the chromium forms a layer on the 
diamond crystals. 

As previously suggested, it is believed that the 45 
entire chromium layer chemically reacts with the 
carbon of the diamond particle to form chromium 
carbide (Cr3C2). bonded to the diamond. It is be- 
lieved that this bond is an atom to atom bond 
between the carbon of the diamond and the car- so 
bide layer. 

The preferred range of thickness for the chro- 
mium layer is between 0.05 to 1 um. while a 
thickness of up to 5 um is acceptable. 0.05 to 0.30 
um is most preferred. If the metal/carbide layer is 55 
too thin, subsequent metal coatings could diffuse to 

* 1 torr = 1.3 mbar 
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the surface of the diamond, displacing the chro- 
mium and forming weaker bonds with the diamond. 
0.05 um has been found to be about the minimum 
coating thickness which ensures a continuous chro- 
mium carbide coating which is adequate for bond- 
ing. 

Utilizing a diamond grit with a nominal diam- 
eter of 500 um mixed with a 99.8 percent pure 
chromium metal powder having an iron contamina- 
tion of less than 0.1% (available from Cerac, inc 
with product designation C-1221). it was found that 
an MVD process of from four to six hours at 720 * C 
and 10"^ torr, yielded chromium coatings of at 
least 0.05 um. Two hours of MVD at 770* C yield- 
ed coatings of between O.1O and 0.40 um. Two 
hours of MVD at 820 'C and 870 *C yielded coat- 
ings of between 0.03 and 0.50 um and 0.50 to 0.80 
um, respectively. One hour of MVD at 920* C 
yielded coatings of about one um in thickness. 

In the formation of the next, titanium containing 
layer, a titanium coating is applied in a similar MVD 
process at 900 *C for six hours under a 10~^ torr 
vacuum. The titanium powder was mixed in a 1:1 
weight ratio with diamond: 0.1 mis of concentrated 
HCL had been added per 3.0 gms titanium and 
then dried prior to mixing. Preferably, the titanium 
is deposited to a thickness equal to or exceeding 
0.1 um. It is believed that thicknesses up to 10 um 
are feasible, while thicknesses greater than 10 um 
are expected to crack under coating induced 
stresses. Upon formation of the titanium containing 
layer, the coated grit is then heated at about 
1000* C in a nitrogen (N2) atmosphere for two 
hours. This heating process causes the outermost 
portions of the titanium containing layer to combine 
with the nitrogen to form titanium nitride. Alter- 
natively, the titanium may be deposited by a phys- 
ical vapor deposition (sputtering) process or by a 
CVD process. 

Finally, the third, outermost tungsten or molyb- 
denum containing coating layer may be applied by 
a chemical vapor deposition or a physical vapor 
deposition technique. Metal vapor deposition is not 
preferred, however, because the high temperatures 
required in the process would tend to degrade the 
diamond. 

The most preferred method for applying the 
tungsten layer is by chemical vapor deposition 
which involves the reduction of a metal compound 
(such as tungsten hexafluoride) on the surface of 
the diamond. See, for example, U.S. Patent No. 
3.757,878, to Wilder. CVD is preferred t>ecause of 
the ease with which a large number of pieces of 
diamond can be evenly coated and the relatively 
low temperature that can be used to deposit the 
tungsten. In the process of the invention. CVD is 
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typically performed at 700 * C, and 7 torr. in a 
reducing atmosphere for between 15 and 90 min- 
utes. Tungsten is the preferred material for this 
outermost layer since tungsten bonds favorably 
with typical matrix materials such as cobalt and 
nickel and commonly used infiltration alloys such 
as Cu-2n-Ni. The tungsten from this outermost 
layer may bond with such matrix materials by 
diffusion and the formation of as solid solution with 
the matrix material. There can also be intermetallic 
bonding with the matrix, depending on the matrix. 

The tungsten layer is preferably between 5 - 
50 um thick, with coatings up to 30 um being more 
preferred. Thinner coatings may be adequate de- 
pending in part on the methods and conditions of 
application. For example, CVD can yield a some- 
what columnar tungsten coating which may be per- 
meable to liquid alloy. The coatings must therefore 
be thick enough to adequately protect the inner 
metal layer from subsequent undesirable reactions. 

EXAMPLE 

Twenty pieces of 1/2 carat single crystal dia- 
monds were mixed with 6 gms of a 0.044mm (325 
mesh) chromium powder. 200 gms of the chro- 
mium powder had been previously treated with 
72cc of water and 6cc of 36% HCI for one hour, 
then drained and dried. The powder and diamond 
mixture was then processed in a tube furnace at 
800 ' C for one hour in a methane atmosphere. This 
procedure produced a uniform chromium carbide 
layer. 

Next, the chromium carbide coated diamond 
was mixed with a 0.044 mm (325 mesh) titanium 
powder that had t>een treated with HCI in a manner 
similar to that described above for chromium. The 
titanium and diamond mixture was then processed 
in the high vacuum furnace at 900 * C for six hours. 
During this time, the furnace was maintained with a 
vacuum of about 10^^ torr. The Ti/Cr coated dia- 
mond was then placed in a nitrogen (Ns) atmo- 
sphere at 1000'C for two hours to convert the 
titanium containing layer at least partially into 
titanium nitride (TiN). While not wishing to be 
bound by any particular theory, it is believed that 
the titanium coating interacts with the carbon of the 
chromium carbide layer to produce an interior 
titanium carbide layer immediately adjacent to the 
chromium carbide. There may also be an inter- 
mediate, transition layer comprising titanium 
carbide/nitride (Ti(CxNy)) between the titanium car- 
bide and the titanium nitride portions of this coat- 
ing. 

Finally, the Cr/Ti coated diamond was placed 
in a CVD chamber and coated with tungsten to a 
thickness of 3D um. It is believed that a thickness 
of 30 um is necessary for the tungsten layer to 



effectively act as a diffusion barrier to the migration 
of elements found in common infiltration binders 
(such as Cu/Ni base alloy) that are commonly 
utilized in subsequent procedures for bonding the 

6 diamond into a tool shank. Where hot pressing is 
the mounting technique to be employed, rather 
than infiltration bonding, the tungsten layer may be 
as thin as 5 um. 

The above descrit>ed coated half carat dia- 

70 mond was incorporated in the working end of the 
shank of a grinding wheel trueing tool. The dia- 
mond was packed in tungsten powder which was 
then infiltrated with a copper-zinc-nickel alloy at 
1000^0 for 20 minutes in an ammonia atmosphere. 

75 When tested, the diamond was retained in the tool 
even after the shank in which it was mounted was 
abraded below the largest girth of the diamond, 
Un-coated diamonds or diamonds coated with the 
chromium containing layer and tungsten in similar 

20 conditions were plucked out of their tools when the 
shanks were abraded to the same degree. 

Claims 

25 1, A diamond element having good tx>nding prop- 
erties, comprising: 

a. a diamond substrate; 

b. a first layer bonded to said diamond 
substrate; 

30 c. a second layer tx)nded to said first layer; 

and 

d. a third layer bonded to said second layer, 
said first layer including chromium carbide 
said third layer inluding a transition element 
35 and said second layer including an element 

other than chromium or said transition ele- 
ment where said transition element is tung- 
sten, or molybdenum. 

40 2. The diamond element as recited in claim 1 
wherein said second layer comprises a com- 
pound resistant to halide attack. 

3. The diamond element as recited in claim 2 
45 wherein said second layer comprises a 

titanium compound, wherein said titanium com- 
pound preferably comprising titanium nitride. 

4. The diamond element as recited in one of the 
50 preceding claims, wherein said third layer is 

deposited by a chemical vapor deposition pro- 
cess having a halide as a source material. 

5. The diamond element as recited in one of the 
55 preceding claims in which the layers are 

chemically bonded. 

6. Use of the diamond element of one of the 
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denum in a chemical vapor deposition process 
in the presence of hatide gas and wherein said 
second layer comprises a compound resistant 
to attack by said halide gas. 

14. The method as recited in claim 12 or 13 
wherein said step of depositing a second layer 
includes the step of depositing a layer of ma- 
terial resistant to attack by halides. 

15. The method as recited in one of claims 12 to 
14. wherein said step of depositing a second 
layer includes the steps of depositing a layer 
of titanium and passivating said titanium 
against attack by halides. 

16. The method as recited in claim 15 wherein 
said passivating step includes nitriding said 
titanium. 

8. The article of manufacture of claim 7 wherein 
said first to third layers are chemically bonded. 

9. The artk:le of manufacture as recited in claim 7 

or 8 wherein said second layer comprises a 25 
compound resistant to halide attack preferably 
a titanium compound, wherein said titanium 
compound preferably comprises titanium 
nitride. 

30 

10. The article of manufacture as recited in one of 
claims 7 to 9, wherein said third layer is de- 
posited by a chemical vapor deposition pro- 
cess having a halide as a source material. 

35 

11. The article of manufacture as recited in one of 
claims 7 to 10 wherein said body comprises a 
tungsten matrix infiltrated with a copper-zinc- 
nickel alloy. 

40 

12. A method for producing a diamond element 
capable of being securely bonded to a sub- 
strate, the method comprising the steps of: 

a. depositing a first layer on said diamond 
element; 

b. depositing a second layer on said dia- 
mond element; and 

c. depositing a third layer on said diamond 
element, said first layer including chromium 
carbide, said third layer including a transi- 50 
tion element and said second layer includ- 
ing an element other than chromium or said 
transition element where said transition ele- 
ment IS tungsten or molybdenum. 

55 

13. The method as recited in claim 12 wherein 
said step of depositing a third layer comprises 
the step of depositing said tunsten or molyb- 

5 



preceding claims in an article of manufacture, 
especially a cutting tool. 

7. An article of manufacture, especially an abra- 
sive tool, containing a firmly secured diamond 5 
element, said article comprising: 

a. a diamond substrate; 

b. a first layer bonded to said diamond 
subtrate; 

c. a second layer bonded to said first layer; lo 

d. a third layer bonded to said second layer; 
and 

e. a body bonded to said third layer, said 
first layer including chromium carbide, said 
third layer including a transition element 75 
and said second layer including an element 
other than chromium or said transition ele- 
ment where said transition element is tung- 
sten or molybdenum. 

20 
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